Eighteen strains of Getah virus isolated from mosquitoes, swine and horses in Japan (1956 to 1981), and one strain isolated in Malaysia (1955), were analysed by RNase T1-resistant oligonucleotide fingerprinting. All fingerprints showed a poly(A) tract. The fingerprint pattern of the Malaysian strain was quite different from those of the Japanese strains. Although most of the recent Japanese isolates shared many large oligonucleotide spots in common, the patterns were not identical even among the strains obtained in one locality in the same year. These results suggest that the Getah virus genome undergoes mutation rather frequently. However, there is a tendency for the isolates of the same year to show greater similarity. The fingerprint patterns of certain host-dependent temperature-sensitive (ts)
INTRODUCTION
Getah virus is a member of the genus alphavirus of the family Togaviridae and has a singlestranded RNA genome of 42S (K. Morita & A. Igarashi, unpublished results) . This virus was first isolated in Malaysia in 1955 by Elisberg and Buescher (Elisberg & Buescher, 1963) . Many reports, based on direct isolation of the virus or serological tests on animal and human sera, indicate that this alphavirus is widely distributed in Southeast Asia (Tesh et al., 1975; Simpson et al., 1975; Marchette et al., 1978 Marchette et al., , 1980 . Many strains have been isolated from mosquitoes, swine and horses (Matsuyama et al., 1968 ; Yamamoto, 1980; Sentsui & Kono, 1980; Igarashi et al., a, b, c, 1982 in Japan since Scherer isolated the Sagiyama strain in 1956 (Scherer et al., 1962) .
Although the ecology of Getah virus is not yet well understood, Marchette et al. (1978) have suggested that swine are the most important mammalian host in nature. As regards pathogenicity, there is some evidence that Getah virus causes fever, eruptions, swelling of lymph nodes, and some respiratory symptoms in race horses (Sentsui & Kono, 1980; Wada et al., 1982) and retarded growth in suckling mice (Sentsui & Kono, 1981) .
Although there appears to be no association of Getah virus with human disease, several reports have indicated that some individuals possess antibodies against Getah virus in the absence of antibodies against other alphaviruses by a variety of serological tests (complement fixation, haemagglutination inhibition and neutralization), suggesting the possibility of asymptomatic infection in nature (Tesh et al., 1975; Marchette et al., 1980) . In recent years, oligonucleotide fingerprint analysis, which was developed by De Wachter & Fiefs (1972) , has been applied to the study of several virus genomes and has been useful in epidemiological and ecological studies, for example, of poliovirus (Nottay et al., 1981) , influenza virus (Nakajima et al., 1980) and St. Louis encephalitis virus (Trent et al., 1981) .
Several serological studies have attempted to differentiate strains of Getah virus (Matsuyama et al., 1968; Kamada et al., 1982) . However, oligonucleotide fingerprint analysis is better suited for this purpose. In this report, we compare Getah virus isolates obtained in 1980 and 1981 during two epidemics in Nagasaki (Igarashi et al., 1981a (Igarashi et al., , c, 1982 with some other Japanese isolates and one isolate from Malaysia. Igarashi et al. (1981d) showed that host-dependent temperature-sensitive (ts) mutants were present in isolates from wild mosquitoes propagated in mosquito (C6/36) cells and that such mutants disappeared after passage in suckling mouse brain (SMB). Therefore, we have compared the virus genomes of plaque-purified mutants with the parental strain and strains JaNAr12380A and JaNAr12380M which were obtained from the same mosquito homogenate by different methods of isolation (C6/36 cells and SMB respectively).
METHODS
Cells. Aedes albopictus clone C6/36 cells (Igarashi, 1978) , were maintained at 28 °C in Eagle's MEM containing heat-inactivated 10~ foetal calf serum and 0-2 mi-non-essential amino acids (NEAA).
Viruses. Radiolabelling of viral RNA. Confluent monolayer cultures of C6/36 cells in 100 cm 2 Petri dishes were infected with 0.5 ml of a 1 : 100 to 1 : 1000 dilution of seed virus. After adsorption for 2 h at 28 °C, the attached cells were washed gently twice with Tris-saline (0.01 M-Tris-HC1, 0.15M-NaC1, pH 7.4), then overlaid with 10ml phosphate-free MEM containing 1 ~ dialysed foetal calf serum and 0.2 mM-NEAA. After 6 h incubation at 28 °C, 0.02 ml actinomycin D (0.5 mg/ml) was added, and after an additional 1 h incubation, 1.5 mCi [32p]orthophosphate was added. The infected culture medium was harvested, usually between 24 and 48 h after infection, and centrifuged at low speed (2500 r.p.m., 15 rain) to remove cell debris. An equal volume of polyethylene glycol (PEG) solution (12 g/dl PEG-6000, 4.44 g/dl NaC1) was added to the supernatant and mixed for 15 min. Virus was precipitated by centrifugation at 10000 r.p.m, for 30 min and the pellet was dissolved in 8 ml STE buffer (0.1 MNaC1, 0.01 i-Tris-HCl, 0.001 M-EDTA, pH 7.6), and centrifuged at 10000 r.p.m, for 1 min. The supernatant was loaded over 3ml 15~ sucrose in STE buffer and centrifuged at 37000r.p.m. for 60min (International ultracentrifuge, 488 rotor). The supernatant was removed and the pelleted virus was resuspended in 0-5 ml STE buffer, and centrifuged again at 37000 r.p.m, for 60 min in a 15 to 30~ (w/v) linear sucrose gradient in STE buffer. After fractionation of the gradient, radioactivity was counted by the Cerenkov method (Takigami & Ishikawa, 1978) , and the peak fraction was used for the extraction of viral RNA. Infectivity titration of each fraction showed that the peak fraction of radioactivity coincided with the peak of infectivity.
Preparation of labelled viral RNA. The peak fraction of 32P-labelled Getah virus was diluted with an equal volume of STE buffer, and SDS was added to a final concentration of 0.1 ~. RNA was extracted twice with an equal volume of phenol saturated with STE buffer. Forty ~tg of carrier Escherichia call tRNA (Sigma) was added to the final aqueous phase and the RNA was precipitated with 2 vol. ethanol at -20 °C overnight. The RNA was pelleted by centrifugation at 15000 r.p.m, for 30 min, freeze-dried and stored at -20 °C until use.
Oligonucleotidefingerprinting of Getah virus RNA. The procedures for RNase T1 digestion of Getah virus RNA and separation of the products by two-dimensional electrophoresis were as described previously by De Wachter & Fiers (1972) with some slight modification. 32p-labelled viral RNA (about 106 c.p.m.) was digested in 40 p.l of reaction solution (50 mM-Tris-HC1, 1 mM-EDTA, pH 7-5, 20 U RNase T1) for 30 min at 37 °C. Digests were mixed with 60 ~tl of urea solution (9 M-urea and 1 drop of glycerol). The mixture was separated in the first dimension gel [7.2~ (w/v) acrylamide containing 6 M-urea adjusted to pH 3.3 with citric acid], which was preelectrophoresed by running at 4 °C until the dye (bromophenol blue) reached 15 cm. The second dimension gel consisted of 22~ (w/v) acrylamide in 50 mM-Tris borate pH 8.2, and oligonucleotides were separated by electrophoresis until the bromophenol blue dye reached 20 cm from the lower edge of the first gel piece. Then the second dimension gel was exposed to X-ray film with an intensifying screen at 4 °C for 2 to 3 days. Calculation of similarity ratio. Similarity ratio (S.R.) between two strains was calculated as follows: S.R. = 2C/(A + B), where A is the number of large oligonucleotide spots in one strain, B is the number of large oligonucleotide spots in another strain and C is the number of common large oligonucleotide spots.
RESULTS

Comparison of oligonucleotide spots
All fingerprints showed a poly(A) tract as Wengler et al. (1977) demonstrated with several other alphaviruses. Fig. 1 shows the fingerprint patterns (Fig. 1 a) and corresponding schematic diagrams (Fig. 1 b) of eight representative strains. The diagnostic large oligonucleotide spots above the line drawn in the diagram have been arbitrarily numbered for comparison. Fig. 2 shows the composition of spots in 14 strains. Although every strain shows a unique pattern, 12 of the Japanese strains isolated after 1978 shared many common large oligonucleotide spots. On the other hand, the prototype AMM2021 strain of Getah virus (isolated in Malaysia in 1955) possessed eight unique large oligonucleotide spots (no. 9, 10, 11, 12, 13, 36, 51, 52) . Furthermore, it did not possess three spots which all the Japanese strains shared (no. 32, 46, 58) . The Sagiyama strain possessed three unique spots (no. 27, 28, 43) and did not possess six spots that were present in all recent Japanese strains (no. 3, 4, 5, 29, 48, 64) . Two spots (no. 42, 50), which were not found in recent Japanese strains, were shared in the Sagiyama and AMM2021 strains. Three other spots (no. 4, 29, 48) were not found in these two strains, although they were present in all the recent Japanese strains. Table 2 shows the similarity ratios for the isolates compared in Fig. 2 . Similarity ratios between most of the recent isolates in Japan (1978 Japan ( to 1981 were high (between 0.96 and 0.82). There is a tendency for the isolates in the same year to have high similarity ratios, such as JaNAn4481 and JaNAn6081 in 1981, and JaOArB4979, RY-165, M1-633 and M1-383 in 1979. Similarity ratios between Sagiyama and recent Japanese strains were lower (0.69 to 0.78) than the similarity ratios among recent Japanese strains (0.96 to 0.82), and similarity ratios between AMM2021 and recent Japanese strains were even lower (0-62 to 0.72). Every recent Japanese strain showed greater similarity to Sagiyama than to AMM2021. It was concluded that differences between newer Japanese strains and Sagiyama were smaller than those between AMM2021 and recent Japanese strains. (b) schematic representation of (a). B42, JaOArB4278; 123M, JaNAr12380M; 44, JaNAn4481. Large oligonucleotide spots above the lines drawn in (b) were arbitrarily numbered and compared. An obvious poly(A) tract could be observed in every fingerprint pattern. Electrophoresis was from right to left in the first dimension and from top to bottom in the second dimension. Two spots missing in 123M compared with 123A (Fig. 3) IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIU  IIIII  IIIII  IIIII  IIIII  IIIIII   II  III I   10   15 (11) indicates the existence of a spot. 44, JaNAn4481 ; 60, JaNAn6081 ; 123M, JaNAr12380M, 599, JaNAr59980; 813, JaNAr81380G; 133, JaNAr13380; B49, JaOArB4979; B42, JaOArB4278; SAGI, Sagiyama. 1981 1981 1980 1980 1980 1980 1979 1979 1979 1979 1978 1978 1956 1955 *44, JaNAn4481; 60, JaNAn6081; 123M, JaNAr12380M; 599, JaNAr59980; 813, JaNAr81380G; 133, JaNAr13380; B49, JaOArB4979; B42, JaOArB4278; SAGI, Sagiyama; GET, AMM2021.
Similarity ratios
t Ratios above 0-92 are underlined.
Differences between oligonucleotide fingerprints of ts mutants and their parental strain
P-14 and P-15 are plaque-purified host-dependent ts mutants from strain JaOArB4278 isolated from mosquitoes by inoculation of C6/36 cells (Igarashi et al., 1981d) . 123A-15 and 123A-16 are mutants derived similarly from strain JaNAr12380A (Igarashi et al., 1981 c) . These mutants do not grow well in BHK cells at 37 °C, but grow well in C6/36 cells at 28 °C. Comparison of the fingerprint patterns showed that two unique spots present in JaOArB4278 were replaced by five new spots in mutant P-14. Mutant P-I 5 showed seven spots which were different from its parental strain JaOArB4278. 123A-15 and 123A-16 differed from strain JaNAr12380A in two and one spots respectively (Fig. 3) . These results indicate that wild isolates contain variants showing unique biological characters and obvious differences in their genomes.
Selection of variants by the mammalian host
Strains JaNAr12380A and JaNAr12380M were obtained from the same mosquito homogenate by different methods of isolation (C6/36 cells and SMB respectively). JaNAr12380M did not possess two spots which were found in JaNAr12380A (Fig. 1 ). In addition, many host-dependent ts mutants were observed in JaNAr12380A whereas such mutants were not observed in JaNAr12380M (Igarashi et al., 1981c) .
DISCUSSION
The major species of RNA in the test samples we examined was virion-sized (42S), although smaller peaks of possibly defective interfering (DI) RNA were also noticed in some preparations. Certain large oligonucleotide spots predominated in some fingerprints, and it was considered that contaminating DI RNA was probably responsible for the enhancement of these spots.
Although similarity ratios for recent Japanese isolates were rather high, there were no identical patterns even among strains isolated in the same locality in the same year. These results indicate that Getah virus mutates rather easily. There was a tendency for the similarity ratios of Japanese strains isolated in the same year to be high, and similarity ratios between an old Japanese isolate, the Sagiyama strain, and the newer isolates were slightly, but definitely, lower than those between recent Japanese isolates. These results indicate that the Getah virus genome has undergone certain changes in Japan over 20 years. Fingerprint analysis can be used to determine the chronological distance between isolates.
The prototype strain of Getah virus, AMM2021, showed even lower similarity ratios with all the recent Japanese isolates in comparison to those between the Sagiyama strain and recent Japanese isolates. These results indicate that the similarity ratio detects not only chronological divergence but also geographical divergence.
Of the Japanese strains of Getah virus, the Sagiyama and M 1-383 strains showed the highest similarity ratio of 0.72 with the prototype AMM2021 strain. Thus, Sagiyama was not considered the nearest strain to AMM2021 on the basis of the quantitative value of the similarity ratio. However, the Sagiyama strain shared two spots with AMM2021 which were absent in recent Japanese isolates and these two strains did not possess three spots which were common in all the recent Japanese isolates, indicating a closer relationship between Sagiyama and AMM2021 than between recent Japanese strains and AMM2021. These observations suggest that Getah virus isolates from different geographical areas were closer to each other in the past by comparison with recent isolates. This consideration, however, needs support from analysis of several recent Getah virus isolates in Malaysia and some other places in Southeast Asia.
In contrast, Kamada et al. (1982) showed by haemagglutination inhibition tests that the differences between AMM2021 and recent Japanese isolates are smaller than those between the Sagiyama strain and recent Japanese isolates. This discrepancy can be explained by the fact that classical serological methods only monitor the changes in antigenic sites whereas fingerprint analysis can monitor changes over the entire gene, and is thus more appropriate for detection of any geographical or chronological differences in virus isolates.
Several authors have reported the presence of variants or mutants in Getah virus isolates (Igarashi et al., 1981d; Kimura & Ueba, 1978) . None of the isolates examined in this study showed identical fingerprint patterns even among strains isolated in the same year and at the same place. The presence of mutants in the virus isolates was demonstrated by plaque isolation of P-14 or P-15 which exhibited different biological characteristics and different oligonucleotide fingerprint patterns from their parental strain. Also, two isolates from the same mosquito source obtained by different isolation methods showed different fingerprint patterns. These results suggest that Getah virus mutants accumulate in infected mosquitoes, generating a mized population of virus which becomes exposed to different selective processes when growing in mammalian hosts. These results also show the effect of the isolation method in the interpretation of fingerprints.
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